Collagenous gastritis is an exceptional entity with eight cases documented to date characterized by the presence of a thick subepithelial collagen band associated with an inflammatory infiltrate of the gastric mucosa. The aim of our study was to describe the clinical and histologic characteristics of six new cases of collagenous gastritis. All cases showed a subepithelial collagen band that averaged 30 m but often measured up to 120 m. This finding was almost always accompanied by mixed chronic inflammation in the lamina propria and by surface epithelial damage of varying severity. Our study seems to delineate two subsets in patients with collagenous gastritis: 1) collagenous gastritis occurring in children and young adults presenting with severe anemia, a nodular pattern on endoscopy, and a disease limited to the gastric mucosa without evidence of colonic involvement, and 2) collagenous gastritis associated with collagenous colitis occurring in adult patients presenting with chronic watery diarrhea. These findings highlight the fact that subepithelial collagen deposition may be a generalized disease affecting the entire gastrointestinal tract.
Collagenous gastritis and the more frequently reported collagenous colitis are both characterized by the combination of a subepithelial collagenous band deposits with an inflammatory infiltrate in the digestive mucosa.
Although its pathogenesis remains incompletely understood, collagenous colitis is now a recognized entity with more than 400 cases reported to date. 3, 15 Collagenous gastritis was first described in 1989 by Colletti and Trainer. 6 Since then, only seven more cases of collagenous gastritis have been reported associated in three cases with collagenous colitis and in one case with lymphocytic colitis. 4, 5, 7, 10, 16, 20, 23 This study describes the clinical and histologic characteristics of six new cases of collagenous gastritis.
MATERIALS AND METHODS
Between 1992 and 2000 the histologic diagnosis of collagenous gastritis was obtained in six patients. The clinical records and the endoscopic and pathologic findings were retrospectively compiled. Gastric biopsy specimens taken from the corpus and antrum were available in all patients. The mean number of gastric biopsy fragments per case was 4 (range [3] [4] [5] . Biopsy fragments were obtained from the duodenum and from the colon in four and three cases, respectively. In case no. 1 gastric biopsies were taken on five occasions over an 8-year period, and in case no. 4 on three occasions over a 2-year period.
The biopsy specimens were fixed in 10% formalin, embedded in paraffin wax, and sectioned at 5 m. Sections were stained with hematoxylin and eosin, cresyl violet, Masson trichrome, sirius red, congo red, and thioflavine T. The measurement of the subepithelial collagen plate was done on sirius red-stained slides. The thickness of the subepithelial collagen band was measured at a magnification of 400 with an optical micrometer in at least five different locations in well-oriented parts of the specimens between two crypts. The same measurement was performed on sirius red-stained slides in 10 cases of normal gastric biopsies and 10 cases of Helicobacter pylori (H. pylori) chronic gastritis (antrum and fundus was available in all cases). According to the Sydney system for the classification of gastritis, 8 each of the biopsy specimen was evaluated semiquantitatively for the following parameters: the presence or absence of H. pylori, chronic interstitial inflammation, neutrophil polymorph activity, glandular atrophy, and intestinal metaplasia.
Immunohistochemical labeling was performed using an indirect three-stage immunoperoxidase technique with the following antibodies directed against collagen IV (anti-collagen IV; dilution 1/50; clone C422; Dako, Glostrup, Denmark), laminin (anti-laminin; dilution 1/50; clone 4C7; Dako), and CD3 (anti-CD3; dilution 1/100; polyclonal; Dako). The number of CD3-positive intraepithelial lymphocytes (IELs) was obtained by counting the lymphocytes per 100 surface intercryptal epithelial cells.
RESULTS

Clinical and Endoscopic Findings
A summary of the clinical and endoscopic findings is given in Table 1 . Patients were three men and three women 11-77 years of age (mean 40 years). Clinical features were available in five cases. In three cases gastroscopy was performed for the exploration of a microcytic anemia. One patient had chronic watery diarrhea. The last patient who had no digestive symptoms underwent gastroscopy before major vascular surgery. In case nos. 1 and 2 autoantibodies (parietal cells, intrinsic factor, endomysium, endoplasmic reticulum, smooth muscle, mitochondrias, antinuclear, gliadin) were absent.
Upper gastrointestinal endoscopic examination showed a nodular pattern of the gastric mucosa in case nos. 1 and 2. In case no. 1 gastric corpus showed scattered submucosal nodules measuring 2-8 mm. In case no. 2 gastric corpus and antrum appeared diffusely nodular ( Fig. 1) . A diffuse erythema of the gastric mucosa with areas of superficial ulcerations and erosions located mainly in the fundus was seen in case no. 5. In case nos. 4 and 6 gastroscopy was considered normal. Colonos-copy did not detect any pathologic finding in case nos. 1, 4, and 6.
Pathology
In control biopsies (10 normal gastric mucosa and 10 H. pylori chronic gastritis), the subepithelial collagenous band measured less than 5 m in all cases. In the six cases of collagenous gastritis, all the specimens from both the body and the antrum showed a thick subepithelial collagen band ( Table 2 ). The thickness of the collagen band measured up to 120 m but averaged 30-40 m in most cases (Fig. 2 ). The collagenous band tended to be variable and often discontinuous, and was focally located at the level of the floor of the foveolae. It was separated from the basement membrane by an area of edematous lamina propria. The collagenous plate often contained entrapped superficial capillaries and inflammatory cells, such as lymphocytes and eosinophils. In case nos. 1, 2, and 4 this feature was associated in some specimens with diffuse fibrosis of the lamina propria located mainly in the fundus. The thickness of the collagenous band was highlighted with Masson trichrome and sirius red stain (Fig. 3 ). The deposit was negative with congo red, and thioflavine T did not induce fluorescence in the subepithelial band. Immunohistochemical studies demonstrated that the collagenous band did not react with collagen IV and laminin, whereas the subepithelial basement membrane displayed a strong affinity for both ( Fig. 4 ). Focal surface epithelial damage was present, such as flattening of the epithelial cells, nuclear stratification, and partial detachment of the epithelium. These lesions were always associated with an increase of inflammatory cells in the lamina propria. In case nos. 1, 2, 4, and 6 there were features of diffuse chronic gastritis with moderate inflammatory activity of the body and antrum ( Table 2 ). The gastritis was usually nonatrophic but occasionally was associated with focal glandular atrophy and reactive epithelial changes. There was no intestinal metaplasia. The inflammatory infiltrate of the lamina propria was composed mostly of lymphocytes, plasma cells with lesser numbers of eosinophils and neutrophils. Only in case no. 1 was infiltration of the fundic glands by neutrophils observed. The surface IEL count was increased in case nos. 1 and 5. The mean number of IELs was 30 per 100 epithelial cells in case no. 1 and 14 per 100 epithelial cells in case no. 5. Marked H. pylori colonization was detected in case nos. 5 and 6. Biopsies from the colon were obtained in case nos. 1, 4, and 6. In case nos. 1 and 6 the mucosa was normal with no collagen deposit, and in case no. 4 the biopsy samples displayed the typical features of collagenous colitis. These features were associated in the duodenum with a deposition of subepithelial collagenous band measuring up to 65 m together with subtotal villous atrophy and with a notable increase in IELs. However, ileal biopsies were normal in this patient. In case nos. 1, 2, and 6 the duodenal mucosa was normal.
In case no. 1 gastric biopsy samples obtained 1, 3, 4, and 8 years after the initial diagnosis showed a moderate decrease in the thickness of the subepithelial collagen band together with a decrease in IELs. However, the collagen band remained abnormal on all samples. The cellularity of the lamina propria and the degree of atrophy were similar to that seen in the initial samples. In case no. 4 the patient was treated with prednisolone, salazopyrine, and complete parenteral alimentation. Biopsies taken after 3 months of treatment showed a colonic layer of 30 m but no collagen deposit in the stomach and duodenum. Gastric and colonic biopsies performed 2 years later were within normal limits.
DISCUSSION
We describe six patients with gastric biopsies showing histologic features of collagenous gastritis. Collagenous gastritis is defined histologically by the presence of a thickened subepithelial collagen band in association with an increase in inflammatory cell infiltration of the lamina propria. The thickness of the subepithelial collagen band is at least 10 m and often up to 25 m in well-oriented biopsies. The subepithelial deposit tends to be irregular and focal with a ragged pattern of the lower edge. Qualitative abnormalities such as entrapment of red blood cells, inflammatory cells, and superficial capillaries are often associated. This histologic pattern of subepithelial fibrosis is similar to that observed in the colon in collagenous colitis; it is different from the diffuse mucosal fibrosis that may occur in various chronic gastritides such as autoimmune gastritis, post-radiation gastritis, scleroderma, and a very rare entity called gastric hyalin-ization. 2 Diffuse mucosal collagenization has been described in autoimmune gastritis where it may be associated with diffuse atrophy and pseudopyloric metaplasia in the corpus. Fibrosis and collagenous deposition in radiation gastritis spreads diffusely in the lamina propria and is not limited to the subepithelial zone. Similarly, in scleroderma there is a markedly thickened subepithelial collagen band occurring continuously along all basement membranes, usually including the glandular crypts and spreading throughout the lamina propria, the muscularis mucosae, and the serosa. In none of these entities is there evidence of a preferential subepithelial location of the fibrotic process.
The reason why collagenous gastritis is associated in two cases with a distinctive endoscopic nodular pattern is not clear. Presumably, it derives neither from the thickness of the subepithelial collagen band nor from the pits that are regular of normal length rarely displaying cystic dilatation. Because an increase of IEL was present in three of our cases, it could be suggested that in collagenous gastritis, as proposed in lymphocytic gastritis, the edema, vascular congestion, and inflammatory infiltrate of the mucosa and submucosa contribute to the nodular appearance of the gastric folds. 11 Collagenous gastritis is an extremely rare entity with only eight cases published to date. [4] [5] [6] [7] 10, 16, 20, 23 A summary of the clinicopathologic findings of the eight cases previously reported and the six cases described here is given in Tables 1 and 2. The analysis of these 14 cases seems to delineate two major distinct clinicopathologic patterns in patients with collagenous gastritis. The first subset concerns four cases of collagenous gastritis observed in children or young adults with no evidence of extragastric involvement (case nos. 1 and 2), 6,7 the second subset concerns four cases of collagenous gastritis associated with collagenous colitis in adult patients (case no. 4). 5, 16, 20 The remaining cases were incidental findings with no obvious pathologic association. The four cases reported in young patients seem to differ from the adult cases by the severity of the presentation with severe anemia probably due to gastrointestinal bleeding. A hypothesis is that the gastrointestinal hemorrhage is caused in the gastric mucosa by dilated entrapped capillaries together with superficial epithelial damage. 7 When bleeding recurred, the upper gastrointestinal endoscopy showed in three of the four cases diffuse or scattered submucosal nodules of the gastric mucosa. In these cases collagenous band was limited to the stomach without evidence of duodenal or colonic involvement. The second group of four cases was characterized by the simultaneous occurrence of collagenous gastritis and collagenous colitis in four individual patients presenting with chronic watery diarrhea. Although more than 400 cases have been reported, collagenous colitis appears to be a relatively uncommon entity with a reported incidence of 0.3% among 1320 biopsies of patients with chronic diarrhea. 19 Moreover, in three of these four patients a similar collagenous deposit was present in the duodenal mucosa. This pattern of duodenal injury has only been reported in collagenous sprue, a highly unusual entity that is considered as complicating celiac disease. 18 Moreover, in a fifth case occurring in an adult patient that was recently reported, collagenous gastritis was associated with celiac sprue and ulcerative colitis. 23 These data strongly suggest that the association is not fortuitous and that the increase in thickness of subepithelial collagenous band might be a diffuse alteration that involves the entire gastrointestinal tract.
The simultaneous occurrence of collagenous gastritis with lymphocytic colitis was described in one patient. 10 There are clinical and histologic similarities supporting the hypothesis that there are common factors involved in the genesis of these two types of intestinal inflammation, characterized either by a collagenous deposit or by an increase in IEL. It is worth noting that the coexistence of an increase in the thickness of the subepithelial collagen band and in the number of IELs in the digestive tract was described to a great extent in the histopathologic relationship between collagenous and lymphocytic colitis on one hand and between celiac disease and collagenous sprue on the other hand. Some authors have postulated that the collagenous band in collagenous colitis arises at a later stage in the disease process as a result of continued inflammation and subsequent fibrosis and that these two types of colitis are part of a spectrum of the same disease at different stages. 12, 22 Lymphocytic gastritis is an uncommon form of chronic gastritis, characterized by an increased number of IELs (>20 IEL/100 epithelial cells). 11 The number of IELs was measured in 11 cases of collagenous gastritis including our six cases. It was normal (<10 IEL/100 epithelial cells) in six cases (case nos. 2, 3, 4, and 6), 10, 16 focally or mildly 10-20 elevated in three cases (case no. 5), 5, 7 and frankly elevated (>29 IEL) in two cases (case no. 1), 23 which fulfilled the diagnostic criteria of lymphocytic gastritis. It may therefore be hypothesized that at least in some cases collagenous gastritis is related to lymphocytic gastritis as described for microscopic colitis (collagenous colitis and lymphocytic colitis) and small intestine sprue (celiac disease and collagenous sprue).
The cause and pathogenesis of collagenous gastritis remain unknown. If we assume that the pathogenesis of collagenous gastritis is similar to that of collagenous colitis, we must consider the major theories that have been proposed for this disease. One hypothesis postulates that the collagen deposition is the result of replacement by collagen of a previous local plasmatic exudation of proteins in the superficial lamina propria in the absence of inflammation. 13 A possible association between the production of the subepithelial collagenous deposition and the role of abnormal pericryptal fibroblast has also been suggested. 9, 13 The most popular theory considers the subepithelial collagen deposition as a reparative process secondary to initial injury caused by intraluminal toxic or infectious agents. 12 This hypothesis is supported by immunohistochemical studies performed in collagenous colitis showing that the subepithelial band is composed of type I and type III collagen, which is considered to be secondary to inflammatory processes, and is present under a normal basal lamina positive for collagen IV and laminin, as in our six cases. 9 Some authors hypothesized that the eosinophilic and/or the lymphoid infiltrate through their activation and the resulting release of cytokines could also indirectly contribute to the pathogenesis of the thickening subepithelial collagen band. 1, 14, 16 We believe that bacterial infection does not play a major role in the genesis of collagenous gastritis. The absence of infectious agents in the previously reported cases of collagenous gastritis does not support a role for the bacterial infection. It could be considered that the presence of H. pylori in biopsy specimens of two of our patients was an independent phenomenon. A possible association between nonsteroidal anti-inflammatory drug consumption and collagenous colitis has been suggested. 17 Our study does not support this theory in collagenous gastritis because none of our patients has a history of prolonged consumption of drugs. A potentially important clue has been discovered recently that shed light on the potential role of bile acid in collagenous colitis. 21 The high response rate of bile acid treatment with a marked or complete improvement of the collagenous colitis highlights the major role of bile acid in the genesis of the disease. But the concept of bile acid malabsorption as a potential etiologic factor seems to be difficult to support in collagenous gastritis.
In conclusion, our study seems to indicate that collagenous gastritis is an exceptional lesion seen preferentially in two major subsets of patients: in isolation in children and young adults presenting with severe anemia caused by gastrointestinal bleeding, and associated with collagenous colitis in adult patients presenting with chronic watery diarrhea. It can also be observed as an incidental histologic finding. Publication of new cases is needed to provide additional clues to the etiopathogenesis of this extremely rare entity. 
